Yield component analysis provides a framework for identifying potentially useful traits for yield improvement. A field experiment was conducted for two consecutive years to evaluate the forty four low land traditional rice cultivars for twenty three panicle yield and its attributing traits during kharif season at the Zonal Adaptive Research Station, Krishnagar, Nadia, West Bengal, India. Significant varietal differences were observed for all the characters. Among the panicle yield attributing traits, number of primary branches per panicle, number of grains on primary branches panicle -1 , number of spikelets on primary branches panicle -1 , grain length, grain breadth, grain thickness, kernel breadth, kernel thickness, 100 grain weight, 100 kernel weight correlated significantly and positively with panicle yield both at the genotypic and phenotypic levels. Results of path analysis showed that the direct positive effect on panicle yield was greatest for number of spikelets on secondary branches panicle -1 (0.998) which is followed by number of grains on secondary branches panicle -1 (0.948), grain length (0.755), and number of spikelets on primary branches panicle -1 (0.625), grain thickness (0.392) and fertility % of spikelets on primary branches panicle -1 (0.378). Few characters like number of primary branches panicle , by number of grains on primary branches panicle -1 and grain breadth showed negative direct effect on panicle yield even though the genotypic correlation coefficients on panicle yield were positive. The study revealed that the direct selection of the above said traits might be rewarding for panicle yield improvement since they revealed a true relationship with the panicle yield.
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INTRODUCTION
Rice (Oryza sativa L.) is the staple food crop of more than half of the world's population (Anonymous, 2009) . Ninety percent of this crop is grown and consumed in South and South East Asia, the major centers of the world's population (Nanda, 2002) . Most of the consumers, who depend on rice as their primary food, live in less developed countries. In sub continent, thousands of locally adapted cultivars of rice have evolved by nature and human (Singh et al., 2000) , many of which are either fine grain or aromatic types.In order to feed the growing population, ventures are being made in all the rice growing areas to augment the yield per hectare but the success of hybridization and thereafter selection of desirable segregants depends largely on the selection of parents with high variability for different characters. The diversity in crop varieties is considered as a significant parameter for increasing food production, mitigating poverty and promoting economic growth overall contributing to the development of Agriculture. It serves as an insurance against unknown future needs and conditions thereby contributing to the stability of forming systems at local, national and global levels (Singh et al. 2000) .
The collection of adequate information about the nature and magnitude of variability present in the available breeding materials is essential for successful selection procedure on higher grain yield, as yield components are of quantitative nature (St. Martin, 1984) . Hence, the information about the traits' variability and heritability is collected from the assessment of different selection parameters, such as, coefficient of variation and heritability. A greater proportion of genetic components in connection with the environmental and genotype x environment interaction components in the total phenotypic variance of a trait is indicated by the lower values of coefficient of variation and higher heritability estimations of trait. In other words, the expression of trait is less variable with the environment and the trait is more stable allowing for its use as an efficient selection criterion in the breeding process (Burton, 1987; Bos and Caligari, 1995; Hill et al., 1998) . Johnson et al. (1955) suggested that heritability estimates along with GA would be more useful in predicting gain under phenotypic selection than heritability estimates alone.
For a rational approach to the improvement of yield, it is essential to have some information on the nature of inheritance and association between different yield components and their relative contributions to yield. The correlation analysis measures the existence of relationship between various plant characters and determines the components on which selection can be based for improvement in seed yield.The progress in breeding for yield and its contributing characters of any crop is polygenic controlled, environmentally influenced and determined by the magnitude and nature of their genetic variability in which they grow (Falconer and Mackay, 1996; Singh et al., 2000) . Variability, interrelationship and cause effect analysis are pre-requisites for improvement of any crop including rice for selection of superior genotypes and improvement of any trait (Krishnaveni et al., 2006) . In agriculture, path analysis has been used by plant breeders to assist in identifying traits that are useful as selection criteria to improve crop yield (Surek and Beser, 2003) .
Cause-effect analysis provides an effective means of partitioning the correlation coefficients into direct and indirect effects of the component characters on yield on the basis of which crop improvement programmes can be logically devised (Kozak et al.,2007) . Any successful hybridization program for varietals improvement depends mainly on the selection of parents having high variability so that desired character (s) combinations may be selected to improve grain quality and higher grain yield. The information on relative direct and indirect contribution of each component character towards panicle yield will help breeders to formulate the effective criteria in selecting desirable cultivars in segregating populations. In view of this, the present study was planned to determine the correlation and path coefficients of panicle yield and yield contributing characters in the traditional lowland rice cultivars that all contributed to the yield.
But beyond a certain limit, accommodating more tillers per unit area through choice of cultivar and for agronomic management cannot be expected to enhance yield; further, increase in yield per unit area would necessarily come from increase in mean panicle yield. Thus, information on panicle yield determination should be of considerable value in the development of heavy panicle type rice cultivars having high yield potential and productivity.
MATERIALS AND METHODS
The present investigation was carried out using forty four traditional lowland rice cultivars, collected from the gene bank of rice (Ch12), grain length (Ch13), grain breadth (Ch14), grain length/breadth ratio (Ch15), grain thickness (Ch16), kernel length (Ch17), kernel breadth (Ch18), kernel length/breadth ratio (Ch19), kernel thickness (Ch20), 100 grain weight (Ch21), 100 kernel weight (Ch22) and panicle yield (Ch23). Various statistical calculation procedures were undertaken for evaluation of the characters. Variance and covariance analysis was in the usual way suggested by Singh and Chaudhury (1985) . The replication-wise mean values of cultivars were subjected to statistical analysis using AGRISTAT software. Mean values of the cultivars were subjected to genotypic correlation co-efficients as per the method suggested by Falconer and Mackay (1996) . Path coefficient analysis as applied by Dewey and Lu (1959) , was utilized for the partition of the genotypic correlation coefficients into measures of direct and indirect effects.
RESULTS AND DISCUSSION
The rice cultivars differed significantly for all the traits indicating the presence of sufficient variability for effective selection to identify the superior cultivars (Table 1 ).The considerable range of variation expressed for the traits indicated good scope for crop improvement programe. Note: # -cm, @ -mm, $ -g, h 2 -Heritability, G.A.-Genetic advance in percent of mean Regarding correlation study, interrelationships of major yield contributing characters on yield are essential to the plant breeder in order to ensure effective selection. In rice, number of findings based on common yield contributing traits has been reported (Rajagopalan, 1967; Shivani and Sree Rama Reddy, 2000) , but this lacking for panicle components has also been reported (Jauoria et al., 1991) . Of the two types of correlations, the genotypic correlation is chiefly accounted for linkage, pleiotropic action of genes and effect of selection. The phenotypic correlation is genotypic and environmental in origin and provides information about association between two observable characters.
In this study, genotypic correlation coefficients were in general higher than corresponding phenotypic ones demonstrating that the observed relationships among various characters were due to genetic causes. Panicle yield was significantly and positively correlated with number of primary branches panicle , grain length, grain breadth, grain thickness, kernel length, kernel breadth, kernel thickness, 100 grain weight and 100 kernel weight at both genotypic and phenotypic level (Table 2 ). This was in agreement with the earlier reports of Sinha et al (1999) . Similar findings were made by Ekka et al. (2011) for grain length, grain breadth, kernel length and kernel breadth. Reddy (1991) , Acharya et al. (1995) , Prashanth et al. (1999) , Sawarkar and Senapati (2014) , , and number of spikelets panicle -1 at both phenotypic and genotypic level (Table 2) .
High significant and positive genotypic and phenotypic association was revealed between number of secondary branches panicle .This is in agreement with earlier works of Sinha et al. (1999) for number of grains on secondary branches panicle . Importance of secondary branches for improvement of grain number was also reported by Prasad and Sharma (1973) . The estimates of correlation coefficients revealed only the relationship between panicle yield and yield associated characters but did not show the direct and indirect effects of different traits on yield per se. This is, because the attributes that are in association do not exist by themselves, but are linked to other components. The coefficient analysis suggested by Dewey and Lu (1959) specified the effective measure of direct and indirect causes of association and also depicted the relative importance of each factor involved in contributing to the final product, i.e., panicle yield. Table 3 Chakravorty and Ghosh (2014) recently found the direct positive effect of grain length on panicle yield. Hasan et al.,(2013) found the direct positive effect of fertility % of spikelets on primary branches panicle -1 on grain yield. Negative direct effects on panicle yield were exhibited by grain breadth (-0.924) and grain length/breadth ratio (-0.753). Similar findings were also made by Sawarkar and Senapati (2014) . The corresponding correlation coefficients of these two traits on plant yield were also with negative direction. Few characters like number of primary branches panicle , by number of grains on primary branches panicle -1 and grain breadth showed negative direct effect on panicle yield even though the genotypic correlation coefficients on panicle yield were positive. The residual effect was 0.25 indicating that about 99.74 percent of the variability in panicle yield was contributed by twenty two characters studied in path analysis. Thus, from the analysis of path coefficient both at genotypic and phenotypic levels, it is clear that the causal variables are efficient to explain the variation in response variable, i.e., panicle yield, more at genotypic levels than at phenotypic levels. The environment has probably masked a portion of the genotypic effects of the panicle yield and this yield attributing traits. The values and the differences in path coefficient values at genotypic and phenotypic levels should be taken into consideration while framing the selection criteria for breeding program based on the characters under study.
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CONCLUSIONS
To sum up, correlation studies showed that panicle yield has positive association with all the characters except for panicle length, number of nodes panicle rewarding for panicle yield improvement since they revealed true relationship with panicle yield. The direct effect for panicle length and fertility % of spikelets on primary branches panicle -1 was positive but the correlation was negative; in such a situation, the direct selection for these traits should be practised to reduce the undesirable indirect effect.
220
Chakravorty and Ghosh: Interrelationship And Cause Effect Analysis Among Panicle Yield Attribu...
Chakravorty and Ghosh: Interrelationship And Cause Effect Analysis Among Panicle Yield Attribu... 
